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57 ABSTRACT

A pump health analysis method and a pump health analysis
device using the same are provided. A standard vibration
curve of a standard pump is obtained. The standard vibration
curve is converted from a time domain to a frequency
domain to obtain a first frequency distribution curve. A
sample vibration curve of a sample pump is obtained. The
sample vibration curve is converted from the time domain to
the frequency domain to obtain a second frequency distri-
bution curve. The first frequency distribution curve is com-
pared with the second frequency distribution curve by using
a cosine similarity algorithm to obtain a health index of the
sample pump.
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Obtain a standard vibration curve of a standard pump |~ 5110

Fiiter out part of the standard vibration curve whose

frequency is higher than 1K Hz 5120

Convert the standard vibration curve from a time
domain to a frequency domain to obtain a first - 3130
frequency distribution curve

i

Obtain a sample vibration curve of a sample pump |~ 5140

f

Fiiter out part of the sample vibration curve whose
frequency is higher than 1K Hz

- S150

Convert the sample vibration curve from the time
domain to the frequency domain to obtain a second |~ 5160
frequency distrnbution curve

Compare the first frequency distribution curve and the
second frequency distribution curve by using a cosine
similarity algorithm to obtain a health index of the
sample pump

-~ S170
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Extract N items of first data with highest intensities
from the first frequency distribution curve

e 83171

f

Sort the N items of first data by frequency

Extract N items of second data with highest intensities
from the second frequency distribution curve

- S173

Sort the N itemns of second dala by frequency

.- 3174

i

Compare each of the first data and sach of the second
data to oblain a vecior similarity

Calculate a similarity mean of the vector similarities

5176

i

Obiain the health index according to the similarity
mean

5170
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1
PUMP HEALTH ANALYSIS METHOD AND
PUMP HEALTH ANALYSIS DEVICE USING
THE SAME

This application claims the benefit of People’s Republic
of China application Serial No. 202211153487.8, filed Sep.
21, 2022, the subject matter of which is incorporated herein
by reference.

BACKGROUND OF THE INVENTION
Field of the Invention

The invention relates in general to an analysis method and
an analysis device using the same, and more particularly to
a pump health analysis method and a pump health analysis
device using the same.

Description of the Related Art

In a semiconductor factory, many items of semiconductor
equipment are equipped with a pump to vacuum or ventilate
the gas. However, if the pump suddenly breaks down after
a long period of operation, the manufacturing process of
semiconductor will be severely affected, and a whole batch
of wafers may even be damaged.

Therefore, it has become a prominent task for the research
personnel to develop and provide a technology for monitor-
ing and predicting the health of the pump.

SUMMARY OF THE INVENTION

The invention is directed to a pump health analysis
method and a pump health analysis device using the same
capable of quickly analyzing the health state of a sample
pump using a cosine similarity algorithm according to an
analysis of comparison between the vibrations of the sample
pump with the vibrations of a standard pump.

According to one embodiment of the present invention, a
pump health analysis method is provided. The pump health
analysis method includes the following steps. A standard
vibration curve of a standard pump is obtained. The standard
vibration curve is converted from a time domain to a
frequency domain to obtain a first frequency distribution
curve. A sample vibration curve of a sample pump is
obtained. The sample vibration curve is converted from the
time domain to the frequency domain to obtain a second
frequency distribution curve. The first frequency distribution
curve is compared with the second frequency distribution
curve by using a cosine similarity algorithm to obtain a
health index of the sample pump.

According to another embodiment of the present inven-
tion, a pump health analysis device is provided. The pump
health analysis device includes a data reception unit, a
conversion unit and a similarity analysis unit. The data
reception unit is configured to obtain a standard vibration
curve of a standard pump and a sample vibration curve of a
sample pump. The conversion unit is configured to convert
the standard vibration curve from a time domain to a
frequency domain to obtain a first frequency distribution
curve and to convert the sample vibration curve from the
time domain to the frequency domain to obtain a second
frequency distribution curve. The similarity analysis unit is
configured to compare the first frequency distribution curve
and the second frequency distribution curve by using a
cosine similarity algorithm to obtain a health index of the
sample pump.
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The above and other aspects of the invention will become
better understood with regard to the following detailed
description of the preferred but non-limiting embodiment(s).
The following description is made with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of semiconductor equip-
ment and pumps according to an embodiment.

FIG. 2 is a block diagram of a pump health analysis device
according to an embodiment.

FIG. 3 is a flowchart of a pump health analysis method
according to an embodiment

FIG. 4 exemplifies each step of FIG. 3.

FIG. 5 is a detailed flowchart of step S170 according to an
embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to FIG. 1, a schematic diagram of semiconduc-
tor equipment 900 and pumps 800 according to an embodi-
ment is shown. Each of the pumps 800 is connected to the
semiconductor equipment 900 to extract or vacuum the gas.
For example, these pumps 800 could be identical and could
be used for different kinds of semiconductor equipment 900.

After a long period of operations, the vibrations of the
pump 800 may change. In the present embodiment, a
vibration curve VC of the pump 800 is obtained by a
vibration sensor 810. After the vibration curve VC is trans-
mitted to a pump health analysis device 100 through a
network 700, the health index of the pump 800 can be
quickly analyzed according to the vibration curve VC.

Referring to FIG. 2, a block diagram of the pump health
analysis device 100 according to an embodiment is shown.
The pump health analysis device 100 includes a data recep-
tion unit 110, a filter unit 120, a conversion unit 130, a
similarity analysis unit 170 and a machine learning model
180. Brief descriptions of the functions of each element are
disclosed below. The data reception unit 110 is used to
receive various types of data from such as a network
transmission module, a transmission line, an LTE module, a
Bluetooth module, or a combination thereof. The filter unit
120 is used to filter signals. The conversion unit 130 is used
to convert signals. The similarity analysis unit 170 is used to
analyze similarity. After the machine learning model 180 is
trained, the machine learning model 180 can output fore-
casting information according to various characteristic
indexes inputted thereto. The filter unit 120, the conversion
unit 130, the similarity analysis unit 170 and machine
learning model 180 could be realized by a chip, a circuit, a
circuit board, a code, a storage device that stores the code,
or a combination thereof.

The similarity analysis unit 170 includes an extractor 171,
a sorter 172, a comparator 175, a mean calculator 176 and
an index creator 177. The extraction element 171, the sorter
172, the comparator 175, the mean calculator 176 and the
index creator 177 are used to execute various calculations of
similarity analysis.

In the present embodiment, as indicated in FIG. 2, the
standard pump 800A is a pump that has just been calibrated
or new production, and therefore has the best state of health.
The sample pump 800B is a pump to be measured. In the
present embodiment, the health state of the sample pump
800B can be quickly analyzed according to a comparison
between the sample pump 800B and the standard pump
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800A. The operations of each element of the pump health
analysis device 100 are disclosed below with a flowchart.

Refer to FIG. 2 to FIG. 4. FIG. 3 is a flowchart of a pump
health analysis method according to an embodiment. FIG. 4
exemplifies each step of FIG. 3. In step S110, a standard
vibration curve VC_A of a sample pump 800A is obtained
by a data reception unit 110. The standard vibration curve
VC_A is obtained by a vibration sensor 810A arranged on
the sample pump 800A. Although the sample pump 800A is
at the best state, it still has a certain degree of vibrations. The
standard vibration curve VC_A records the vibration situa-
tion of the sample pump 800A within 0.2, 0.3, 0.4, or 0.5
seconds.

Next, the method proceeds to step S120, part of the
standard vibration curve VC_A whose frequency if higher
than 1K Hz is filtered out by the filter unit 120. The
frequencies higher than 1K Hz normally are noises, there-
fore the filter unit 120 filter out these noises to increase the
accuracy in subsequent analysis. As indicated in FIG. 2 and
FIG. 4, after the standard vibration curve VC_A is inputted
to the filter unit 120, the standard vibration curve VC_A is
filtered to obtain a standard vibration curve VC_A'. In an
embodiment, step S120 can be omitted and the standard
vibration curve VC_A can be directly inputted to the con-
version unit 130.

Then, the method proceeds to step S130, the standard
vibration curve VC_A' (or standard vibration curve VC_A)
is converted from a time domain to a frequency domain by
the conversion unit 130 to obtain a first frequency distribu-
tion curve VC_A". In the present embodiment, the conver-
sion unit 130 converts the standard vibration curve VC_A'
(or standard vibration curve VC_A) using a Fourier trans-
form technique. The first frequency distribution curve
VC_A" records accumulative intensities of each frequency
band. In the example of FIG. 4, the first frequency distri-
bution curve VC_A" has peaks at frequencies F1, F2, and
F3.

Then, the method proceeds to step S140, a sample vibra-
tion curve VC_B of the sample pump 800B is obtained by
the data reception unit 110. The sample vibration curve
VC_B is obtained by a vibration sensor 810B arranged on
the sample pump 800B. Normally, after a long period of
operation, the vibration situation of the sample pump 800B
may change. The sample vibration curve VC_B records the
vibration situations of the sample pump 800B within 0.2,
0.3, 0.4, or 0.5 seconds. To compare the sample pump 800B
with the sample pump 800A, the time lengths recorded in the
sample vibration curve VC_B are the same as that recorded
in the standard vibration curve VC_A.

Next, the method proceeds to step S150, part of the
sample vibration curve VC_B whose frequency is higher
than 1K Hz is filtered out by the filter unit 120. The
frequencies higher than 1K Hz normally are noises, there-
fore the filter unit 120 filter off these noises to increase the
accuracy of subsequent analysis. As indicated in FIG. 2,
FIG. 4, after the sample vibration curve VC_B is inputted to
the filter unit 120, the sample vibration curve VC_B is
filtered to obtain a sample vibration curve VC_B'. In an
embodiment, step S180 can be omitted and the sample
vibration curve VC_B can be directly inputted to the con-
version unit 130. To maintain a consistent benchmark of
comparison, step S120 and step S150 must be concurrently
deleted or maintained.

Then, the method proceeds to step S160, the sample
vibration curve VC_B' (or sample vibration curve VC_B) is
converted from the time domain to the frequency domain by
the conversion unit 130 to obtain a second frequency dis-
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4

tribution curve VC_B". In the present embodiment, the
conversion unit 130 converts the sample vibration curve
VC_B' (or sample vibration curve VC_B) using the Fourier
transform technique. The second frequency distribution
curve VC_B" records accumulative intensities of each fre-
quency band. In the example of FIG. 4, the second frequency
distribution curve VC_B" has peaks at frequencies F1, F2,
F3 and F4. In comparison to the first frequency distribution
curve VC_A", the second frequency distribution curve
VC_B" has one more frequency peak, and the intensity at the
frequency F2 is significantly stronger than that in the first
frequency distribution curve VC_A".

Next, the method proceeds to step S170, the similarity
analysis unit 170 compares the first frequency distribution
curve VC_A" and the second frequency distribution curve
VC_B" by using a cosine similarity algorithm to obtain a
health index IX_H of the sample pump 800B.

Refer to FIG. 2 and FIG. 5. FIG. 5 a detailed flowchart of
step S170 according to an embodiment. Step S170 includes
steps S171 to S177. In step S171, N items of first data with
N highest intensities are extracted from the first frequency
distribution curve VC_A" by the extractor 171. N is such as
100. Take Table 1 for instance. The first frequency scope
corresponding to each item of data of the first frequency
distribution curve VC_A" is such as 3.6 Hz. The first
frequency distribution curve VC_A" is exemplarily divided
into 278 items of data, and the first 100 items of the first data
with the 100 highest intensities are extracted from the 278
items of data and defined as the first data DA_i.

TABLE 1
Frequency (Hz) Intensity (dB) Extracted?
0-3.6 XX
3.6-7.2 XXX A%
993.6-997.2 XXX A%
997.2-1000 XX

Next, the method proceeds to step S172, the sorter 172
sorts these first data DA_i by frequency. For instance, these
first data DA_i are sorted using a quick sorting method.

Then, the method proceeds to step S173, the N items of
the second data with the N highest intensities are extracted
from the second frequency distribution curve VC_B" by the
extractor 171. N is such as 100. The second frequency scope
corresponding to each item of data of the second frequency
distribution curve VC_B" is also 3.6 Hz. The second fre-
quency distribution curve VC_B" is exemplarily divided
into 278 items of data, and the first 100 items of second data
with the 100 highest intensities are extracted from the 278
items of data and defined as the second data DB_i.

Next, the method proceeds to step S174, he sorter 172
sorts these second data DB_i by frequency. For instance,
these second data DB_i are sorted using the quick sorting
method.

Then, the method proceeds to step S175, the comparator
175 compares each of the first data DA_i and each of the
corresponding second data DB_i to obtain a vector similar-
ity. The frequency and the intensity of each item of the first
data DA_i form a vector; the frequency and the intensity of
each item of the second data DB_i also form a vector. The
comparator 175 compares the N corresponding vectors to
obtain N items of vector similarities SD_i.

Next, the method proceeds to step S176, a similarity mean
SDM of these vector similarities SD_i is calculated by the
mean calculator 176. In the present step, a weighted average
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of these vector similarities SD_i can be calculated by the
mean calculator 176 according to the sensitivity informa-
tion. For instance, if a particular model of pump has sig-
nificant vibration within certain particular frequency scopes,
this indicates that this pump will be broken soon. Mean-
while, a larger weight can be assigned to this particular
frequency scope through the setting of the sensitivity infor-
mation.

Then, the method proceeds to step S177, a health index
IX_H is obtained by the index creator 177 according to the
similarity mean SDM. The relationship between the simi-
larity mean SDM and the health index IX_H is such as a
curve, and the index creator 177 can obtain a corresponding
health index IX_H according to the similarity mean SDM.

After obtaining the health index IX_H, the pump health
analysis device 100 can immediately determine the health
situation of the health index IX_H. In the present embodi-
ment, as long as the data of a standard vibration curve VC_A
of the sample pump 800A is stored in advance, the sample
pump 800B can be compared and analyzed every 0.3 sec-
ond. The pump health analysis method of the present
embodiment is extremely fast, and does not need to be
trained with big data which is time-consuming, and there-
fore is very suitable to be used in the real-time monitoring
of production line. If the health situation of a pump is found
to be unsatisfactory, this pump can be replaced immediately
to avoid causing problems to the manufacturing process.

As indicated in FIG. 2, the health index IX_H can also be
inputted to the machine learning model 180 to perform
training. The machine learning model 180 can be trained
with such as 12 characteristic indexes IX_j (such as tem-
perature, total time of use, sound, and the number of times
of oil change) and the historical data of the health index
IX_H. The obtained characteristic indexes IX_j and the
health index IX_H can be inputted to the trained machine
learning model 180 to predict a residual lifetime of the
sample pump 8008.

According to the above embodiments, the pump health
analysis device 100 can quickly analyze the health state of
the sample pump 800B using the cosine similarity algorithm
according to an analysis of comparison between the vibra-
tion state of the sample pump 800B and the vibration state
of the sample pump 800A.

While the invention has been described by way of
example and in terms of the preferred embodiment(s), it is
to be understood that the invention is not limited thereto.
Based on the technical features embodiments of the present
invention, a person ordinarily skilled in the art will be able
to make various modifications and similar arrangements and
procedures without breaching the spirit and scope of pro-
tection of the invention. Therefore, the scope of protection
of the present invention should be accorded with what is
defined in the appended claims.

What is claimed is:

1. A pump health analysis method, comprising:

obtaining a standard vibration curve of a standard pump;

converting the standard vibration curve from a time
domain to a frequency domain to obtain a first fre-
quency distribution curve;

obtaining a sample vibration curve of a sample pump;

converting the sample vibration curve from the time

domain to the frequency domain to obtain a second
frequency distribution curve; and

comparing the first frequency distribution curve and the

second frequency distribution curve by using a cosine
similarity algorithm to obtain a health index of the
sample pump;
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wherein the step of comparing the first frequency distri-
bution curve and the second frequency distribution
curve comprises:
extracting N items of first data with highest intensities

from the first frequency distribution curve;
sorting the N items of first data by frequency;
extracting N items of second data with highest inten-
sities from the second frequency distribution curve;
sorting the N items of second data by frequency;
comparing each of the first data and each of the second
data to obtain a vector similarity;
calculating a similarity mean of the vector similarities;
and
obtaining the health index according to the similarity
mean.

2. The pump health analysis method according to claim 1,
further comprising:

filtering out part of the standard vibration curve whose
frequency is higher than 1K Hz; and

filtering out part of the sample vibration curve whose
frequency is higher than 1K Hz.

3. The pump health analysis method according to claim 1,
wherein in the step of calculating the similarity mean of the
vector similarities, a weighted average of the vector simi-
larities is calculated according to a frequency sensitivity
information.

4. The pump health analysis method according to claim 1,
wherein the first data correspond to a plurality of first
frequency scopes having identical width; the second data
correspond to a plurality of second frequency scopes having
identical width.

5. The pump health analysis method according to claim 4,
wherein each of the first frequency scopes has a width of 3.6
Hz; each of the second frequency scopes has a width of 3.6
Hz.

6. The pump health analysis method according to claim 1,
wherein N is 100.

7. The pump health analysis method according to claim 1,
wherein the first data are sorted via a quick sorting algo-
rithm; the second data are sorted via the quick sorting
algorithm.

8. The pump health analysis method according to claim 1,
wherein the health index is inputted to a machine learning
model for training, and the machine learning model is used
to predict a residual lifetime of the sample pump.

9. The pump health analysis method according to claim 1,
wherein the standard vibration curve records vibrations of
the standard pump within 0.3 second, and the sample
vibration curve records vibrations of the sample pump with
0.3 second.

10. A pump health analysis device, comprising:

a data reception unit configured to obtain a standard
vibration curve of a standard pump and a sample
vibration curve of a sample pump;

a conversion unit configured to convert the standard
vibration curve from a time domain to a frequency
domain to obtain a first frequency distribution curve,
and to convert the sample vibration curve from the time
domain to the frequency domain to obtain a second
frequency distribution curve; and

a similarity analysis unit configured to compare the first
frequency distribution curve and the second frequency
distribution curve by using a cosine similarity algo-
rithm to obtain a health index of the sample pump;

wherein the similarity analysis unit comprises:
an extractor configured to extract N items of first data

with highest intensities from the first frequency
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distribution curve and to extract N items of second
data with highest intensities from the second fre-
quency distribution curve;

a sorter configured to sort the first data and the second
data by frequency;

a comparator configured to compare each of the first
data and each of the second data to obtain a vector
similarity;

a mean calculator configured to calculate a similarity
mean of the vector similarities; and

an index creator configured to obtain the health index
according to the similarity mean.

11. The pump health analysis device according to claim
10, further comprising:

a filter unit configured filter out part of the standard
vibration curve and part of the sample vibration curve
whose frequency is higher than 1K Hz.

12. The pump health analysis device according to claim
10, wherein the mean calculator calculates a weighted
average of the vector similarities according to a sensitivity
information.

13. The pump health analysis device according to claim
10, wherein the first data correspond to a plurality of first
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frequency scopes having identical width; the second data
correspond to a plurality of second frequency scopes having
identical width.

14. The pump health analysis device according to claim
13, wherein each of the first frequency scopes has a width of
3.6 Hz; each of the second frequency scopes has a width of
3.6 Hz.

15. The pump health analysis device according to claim
10, wherein N is 100.

16. The pump health analysis device according to claim
10, wherein the first data are sorted via a quick sorting
algorithm; the second data are sorted via the quick sorting
algorithm.

17. The pump health analysis device according to claim
10, wherein the health index is inputted to a machine
learning model for training, and the machine learning model
is used to predict a residual lifetime of the sample pump.

18. The pump health analysis device according to claim
10, wherein the standard vibration curve records vibrations
of the standard pump within 0.3 second, and the sample
vibration curve records vibrations of the sample pump with
0.3 second.



